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DETAILED ACTION 

Claim Rejections - 35 USC § 103 

The text of those sections of Title 35, U.S. Code not included in this action can 
be found in a prior Office action. 

Claims 1,4, 5, 7, 8, 9, 14, 15, 16, 17, 18, and 19 are rejected under 35 U.S.C. 
103(a) as being unpatentable over Teramoto et al. (US publication 2003/0059991) in 
combination with Yamazaki (US pub 2007/0020826), the applicant's admitted prior 
art (AAPA) of this application, Yamazaki (US publication 2004/0201874), Takaoka et 
al. (US patent 4,584,025), and Yamanaka (US publication 2003/0148565). 

With respect to claims 1 and 7, Teramoto et al. teach a method for manufacturing 
a semiconductor device comprising (see all disclosed figures and associated text, 
specifically fig. 12A and claims 17-19 and [0120]): 

(1 ) forming a semiconductor material layer 603 on a substrate 601 ; 

(2) irradiating at least a region of the semiconductor material layer with a laser for 
heating and melting a semiconductor material in the region; 

(3) heating the semiconductor material layer to a temperature in a range of 500 
degrees C or higher or crystallization temperature (450-750 degrees C) of the 
semiconductor material layer; 

further comprising forming a high thermal conductivity material layer between the 
semiconductor material layer and the substrate, the high thermal conductivity material 
having a thermal conductivity of at least 10 W/mK (since the high thermal conductivity 
material layer is made of silicon nitride, it has thermal conductivity and a thermal 
conductivity of at least 1 0 WmK, see lines 20-25 on page 5 of the specification of this 
application) and (see para [0033] of Teramoto et al.). 

Teramoto et al. teach irradiating the semiconductor material layer with a laser but 
fail to teach irradiation is done with a continuous wave laser. 

Yamazaki ('826) teaches irradiating semiconductor material with a continuous 
wave laser to achieve continuous melting to enable continuous crystal growth or 
crystallization. See paras [0082] and [0087]. 
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It would have been obvious to one of ordinary skill in the art of making 
semiconductor devices to incorporate the teaching of Yamazaki into the process of 
Teramoto et al. to attain the above benefit. 

Further with respect to claim 1 , since Teramoto et al. in combination with 
Yamazaki teach the claimed process, the uniform cooling of the semiconductor material 
layer would inherently be promoted after irradiation and the a polycrystalline 
microstructure would inherently be formed in the semiconductor material layer by 
inherent lateral solidification from a boundary of the region. 

Further with respect to claim 1 , since Teramoto et al. in combination with 
Yamazaki teach the claimed process, that is the irradiating of semiconductor material 
with a continuous wave laser in which the semiconductor material is adjacent to a high 
thermal conductivity material layer, a grain size of the polycrystalline microstructure 
would inherently be uniformly increased in length and width as the polycrystalline 
microstructure is formed in the semiconductor material layer by lateral solidification from 
the boundary of the region. 

With respect to claim 4, Teramoto et al. further teach the semiconductor material 
layer is a silicon film. See para [0018]. 

With respect to claim 5, Teramoto et al. further teach directing a laser beam 
through a mask slit and onto the semiconductor material layer but fail to teach that the 
laser irradiation is performed sequentially with respect to an adjacent region the 
semiconductor material layer by adjusting a relative position of the semiconductor 
material layer and the mask slit. 

AAPA teaches the laser irradiation is performed sequentially with respect to an 
adjacent region of a semiconductor material layer by adjusting a relative position of the 
semiconductor material layer and a mask slit to achieve a polycrystals of needle-like 
shape having long length. See the paragraph bridging pages 3 and 4 of this application. 

It would have been obvious to one of ordinary skill in the art of making 
semiconductor devices to incorporate the teaching of AAPA into the process of 
Teramoto et al. to attain the above benefit. 
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With respect to claims 8 and 9, Teramoto et al. teach heating the semiconductor 
material layer in a range of 500 degrees C or higher or crystallization temperature (450- 
750 degrees C) of the semiconductor material layer for crystallization but fail to teach 
the heating is done by laser having wavelength of visible region. 

Yamazaki ('874) teaches using laser having wavelength of visible region to 
crystallize semiconductor material layer. See para [0023]. 

It would have been obvious to one of ordinary skill in the art of making 
semiconductor devices to incorporate the teaching of Yamazaki ('874) into the process 
of Teramoto et al. to obtain crystallization of semiconductor material layer. See para 
[0023]. 

With respect to claim 14, Teramoto et al fail to teach forming a cap layer having a 
thickness on the semiconductor material layer to prevent the unwanted reflection of 
laser beam. 

Takaoka et al. teach forming a cap layer having a thickness on a semiconductor 
material layer to be crystallized. See col. 3, line 65 to col. 4, line 10 

It would have been obvious to one of ordinary skill in the art of making 
semiconductor devices to incorporate the above teaching of Takaoka et al. into the 
process of Teramoto et al. to reduce the reflection of laser beam during crystallization to 
improve efficiency. See col. 3, line 65 to col. 4, line 10. 

With respect to claims 15, 16, 17, and 18, Teramoto et al. fail to teach the 
applying a magnetic field produced by a magnet perpendicular to the surface of the 
semiconductor layer during the crystallization or irradiation or during the application of 
laser through a mask slit (see above). 

Yamanaka ('565) teaches applying a magnetic field produced by a magnet 
perpendicular to the surface of a semiconductor layer during the crystallization or 
irradiation. See [0184], [0185] and [0190]. 

It would have been obvious to one of ordinary skill in the art of making 
semiconductor devices to incorporate the above teaching of Yamanaka into the process 
of Teramoto et al. to orient the crystal grains. See [0184], [0185] and [0190] 
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Further with respect to claim 16, the application of magnetic field would 
inherently create an electromotive force and movement of melted silicon and would 
inherently lengthen and widen lateral growth crystals in the resulting polysilicon. 

With respect to claim 19, the crystallization of semiconductor material by multiple 
irradiation is well-known. 

Claim 2 is rejected under 35 U.S.C. 103(a) as being unpatentable over Teramoto et 
al. (US publication 2003/0059991) in combination with Yamazaki (US pub 
2007/0020826). 

With respect to claim 2, Teramoto et al. teach a method for manufacturing a 
semiconductor device comprising (see all disclosed figures and associated text, 
specifically fig. 12A and claims 17-19 and [0120]): 

(1 ) forming a semiconductor material layer 603 on a substrate 601 ; 

(2) irradiating at least a region of the semiconductor material layer with a laser for 
heating and melting a semiconductor material in the region; 

(3) heating the semiconductor material layer to a temperature in a range of 500 
degrees C or higher or crystallization temperature (450-750 degrees C) of the 
semiconductor material layer; 

further comprising forming a high thermal conductivity material layer between the 
semiconductor material layer and the substrate, the high thermal conductivity material 
having a thermal conductivity of at least 10 W/mK (since the high thermal conductivity 
material layer is made of silicon nitride, it has thermal conductivity and a thermal 
conductivity of at least 1 0 WmK, see lines 20-25 on page 5 of the specification of this 
application) and (see para [0033] of Teramoto et al.). 

Teramoto et al. teach irradiating the semiconductor material layer with a laser but 
fail to teach irradiation is done with a continuous wave laser. 

Yamazaki ('826) teaches irradiating semiconductor material with a continuous 
wave laser to achieve continuous melting to enable continuous crystal growth or 
crystallization. See paras [0082] and [0087]. 
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It would have been obvious to one of ordinary skill in the art of making 
semiconductor devices to incorporate the teaching of Yamazaki into the process of 
Teramoto et al. to attain the above benefit. 

Further with respect to claim 2, since Teramoto et al. in combination with 
Yamazaki teach the claimed process, the uniform cooling of the semiconductor material 
layer would inherently be promoted after irradiation and the a polycrystalline 
microstructure would inherently be formed in the semiconductor material layer by 
inherent lateral solidification from a boundary of the region. 

Further with respect to claim 2, since Teramoto et al. in combination with 
Yamazaki teach the claimed process, that is the irradiating of semiconductor material 
with a continuous wave laser in which the semiconductor material is adjacent to a high 
thermal conductivity material layer, a grain size of the polycrystalline microstructure 
would inherently be uniformly increased in length and width as the polycrystalline 
microstructure is formed in the semiconductor material layer by lateral solidification from 
the boundary of the region. 



Claims 3, 1 1 , and 1 2 are rejected under 35 U.S.C. 1 03(a) as being unpatentable 
over Teramoto et al. (US publication 2003/0059991) in combination with Yamazaki 
(US pub 2007/0020826) and Fujimura (US publication 2005/0141 19). 

With respect to claim 3, Teramoto et al. teach a method for manufacturing a 
semiconductor device comprising (see all disclosed figures and associated text, 
specifically fig. 12Aand claims 17-19 and [0120]): 

(1) forming a semiconductor material layer 603 on a substrate 601 ; 

(2) irradiating at least a region of the semiconductor material layer with a laser for 
heating and melting a semiconductor material in the region; 
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(3) heating the semiconductor material layer to a temperature in a range of 500 
degrees C or higher or crystallization temperature (450-750 degrees C) of the 
semiconductor material layer; 

providing a high thermal conductivity material layer in proximity to the 
semiconductor material layer, the high thermal conductivity material having a thermal 
conductivity of at least 10 W/mK (since the high thermal conductivity material layer is 
made of silicon nitride, it has thermal conductivity and a thermal conductivity of at least 
10 WmK, see lines 20-25 on page 5 of the specification of this application) the high 
thermal conductivity material layer would inherently spread heat in the region and 
promoting uniform cooling in the region (see para [0033] of Teramoto et al.); 

Teramoto et al. teach irradiating the semiconductor material layer with a laser but 
fail to teach irradiation is done with a continuous wave laser. 

Yamazaki ('826) teaches irradiating semiconductor material with a continuous 
wave laser to achieve continuous melting to enable continuous crystal growth or 
crystallization. See paras [0082] and [0087]. 

It would have been obvious to one of ordinary skill in the art of making 
semiconductor devices to incorporate the teaching of Yamazaki into the process of 
Teramoto et al. to attain the above benefit. 

Further with respect to claim 3, since Teramoto et al. in combination with 
Yamazaki teach the claimed process, that is the irradiating of semiconductor material 
with a continuous wave laser in which the semiconductor material is adjacent to a high 
thermal conductivity material layer, a grain size of the polycrystalline microstructure 
would inherently be uniformly increased in length and width as the polycrystalline 
microstructure is formed in the semiconductor material layer by lateral solidification from 
the boundary of the region. 

Further with respect to claim 3, since Teramoto et al. in combination with 
Yamazaki teach the claimed process, the uniform cooling of the semiconductor material 
layer would inherently be promoted after irradiation and the a polycrystalline 
microstructure would inherently be formed in the semiconductor material layer by 
inherent lateral solidification from a boundary of the region. 
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Further with respect to claim 3 and with respect to claim 12, Teramoto et al. 
teach providing a high thermal conductivity material or silicon nitride layer in proximity to 
the semiconductor material layer. See [0033]. Note that the presence of high thermal 
conductivity material or silicon nitride layer in proximity to the semiconductor material 
layer in Teramoto et al. reference would inherently spread heat in the region and 
promote uniform cooling in the region. 

With respect to claim 1 1 , Teramoto et al. fail to teach forming a low thermal 
conductivity material or silicon oxide layer between the high thermal conductivity 
material and the semiconductor material layer. 

Fujimura teaches forming a low thermal conductivity material or silicon oxide 
layer between a high thermal conductivity material or silicon nitride and a semiconductor 
material layer to be crystallized. See [0028]. 

It would have been obvious to one of ordinary skill in the art of making 
semiconductor devices to incorporate the above teaching of Fujimura into the process 
of Teramoto et al. to increase yield. See [0006]. 

With respect to claim 12, Teramoto et al. further teach the high thermal 
conductivity material is silicon nitride layer. See para [0033]. 

Response to Arguments 

Applicant's arguments filed 09/03/08 have been fully considered but they are not 
persuasive. See below. 

In response to the applicant's arguments on page 8 of the amendment dated 
09/03/08, it is submitted that the two exhibits both show modified versions of silicon 
nitride, thus, they don't correspond the silicon nitride as recited in present claims. 
Further, it is submitted that the silicon nitride of Teramoto et al. would have a thermal 
conductivity of at least 10 W/mK since this is what is taught by the applicant's 
specification (see lines 20-25 on page 5 of this application). 

Conclusion 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1.136(a). 
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A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the mailing date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Long Pham whose telephone number is 571-272-1714. 
The examiner can normally be reached on Mon-Frid, 10am to 5pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Wael Fahmy can be reached on 571-272-1705. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

Long Pham 
Primary Examiner 
Art Unit 2814 

/Long Pham/ 

Primary Examiner, Art Unit 2814 
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